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© A semiconductor device and process. 



© The characteristic of semiconductor devices is satisfactorily maintained because the planarization of a 
dielectric film of a semiconductor device is carried out at a lower flow temperature. In the case of a silicon 
dioxide film being a dielectric film, a network structure is composed of atoms of silicon which serve as a main 
constituent, and of atoms of oxygen which serve as a sub-constituent of a matrix of the dielectric film. These 
oxygen atoms are repl a ced by non-bridging constituents such as atoms of halogen i ncluding fluorine . This 
breaks a bridge, via an oxygen atom, between the silicon atoms, at a position where suc h a replacement takes 
place. In consequence, the viscosity of the dielectric film falls with the flow temperature, tfjor ^vampi^ p^rt 
(M t he oxygen in a BPSG film is substituted by fluorine, this allows the dielectric fHmJoJjowat a lower temperature 
^ of 850 • C. The short channel effects can be suppressed. -~ " 
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Field of the Invention 

This inv ntion relat s to a s miconductor d vice having a dielectric film or lay r on a semiconductor 
substrat , and furth r to a proc ss of fabricating th semiconductor d vie . Mor particularly, it pertains t a 
5 process in rder for a dielectric film to flow at a lower temperature. 

Background of the Invention 

The semiconductor industry is continuously trying to increase the density of devices by means of 

w recent state-of-the-art semiconductor device processing techniques. Of all the techniques, deposition and 
planarization processes of dielectric films including interlayer dielectric films have lately attracted consider- 
able attention and are expected to play an important role in the semiconductor industry in the future to 
come. Quality semiconductor devices much depend upon the planarization process. Generally, semiconduc- 
tor devices have many layers. As semiconductor device dimensions are reduced to submicron regions, 

is upper layer formation is strongly effected by the undulation of a lower layer. The degree of the planarization 
increasingly becomes important and the thermal burden, which is known as the thermal budget in the art, 
increases in order to planarize a dielectric film. But thermal processes influence on the transistor and 
deteriorate the device characteristics. On the other hand, such a thermal budget of processing must be 
reduced to suppress the short-channel effects in the transistor. 

20 With a view to reducing the budget mentioned above, chemical vapor deposition (CVD) process is 
commonly used to deposit a film of phosphorus-doped silicon dioxide (i.e., phosphosilicon-glass, PSG) or a 
film of boron-and-phosphorus-doped silicon dioxide (i.e., borophosphosilicate glass, BPSG). A film of PSG 
flows at about 950 * C. A BPSG film as an interlayer dielectric film, when subjected to thermal processing at 
a low temperature, say about 900 ° C, flows for its planarization. 

25 If the deposition of dielectric films, formed by an impurity-doped silicate glass such as PSG, BPG, 
BPSG and AsSG, is carried out by means of a conventional CVD process, their respective hydrides, 
chlorides, and organic compounds such as alkoxide are introduced (see Table). Silicate glass finds its use 
in semiconductor devices recently. 

30 TABLE 



Source 


Compounds 


1. Phosphorus 


PH 3 , POCfe. PCI 3 , PO(OCH 3 )a, PO(OC2Hs)3, P(OCH 3 )3, P(OC2H5)3 PO(CH 3 )s, P(CH 3 )3 


2. Boron 


BzHe, BCI 3 , B(OCH 3 )3, BtOCzHsfc, B(CH 3 )3. B^HsJa 


3. Arsenic 


AsH 3 , As(OCH 3 )3, AstCHsfe 



An example is given to describe a conventional semiconductor device and its fabrication process, with 
the help of the appended drawings. Figure 8 locally illustrates, in cross section, a conventional semiconduc- 
tor device. A semiconductor substrate is indicated by reference numeral 1, a switching transistor by 
reference numeral 2, a silicon dioxide film by reference numeral 3, a BPSG film, which is deposited onto 
the silicon dioxide film 3, by reference numeral 6, and an aluminum wiring by reference numeral 8, a 
polycrystalline silicon as a drain or a source electrode by reference 1 1 , and an n-type impurity by reference 
numeral 12. 

The BPSG 6 film is deposited, through a CVD process, onto the silicon substrate 1 by making use of a 
source gas formed by doping TEOS (tetra-ethyl-ortho-silicate, SKOC2H5M. SiKU (monosilane gas), and the 
like for forming a silicon dioxide film (i.e., a matrix), with phosphorus and boron sources. When subjected to 
thermal processing at a temperature of about 900 *C, the BPSG film 6 is planarized with a smooth flow 
shape. 

Figure 9 is a diagram outlining a conventional deposition of a film of BPSG. As shown in the figure, 
Sim, B2H6, PH 3 , and O2 are used as a source gas while N2 is used as a carrier gas. These gases are 
introduced into a reaction chamber 10 to d posit th BPSG film 6 onto th silicon substrat 1. H r , an 
atmosph ric pressur CVD syst m is employed. Then th silicon substrat 1 is heated to som where 
between 350 and 450 • C. The d posited BPSG film 6 is placed inside an lectric furnace, being subjected 
to thermal processing for about 30 minut s at about 900 * C in an atmosph r of nitrogen. Th BPSG film 6 
flows upon heating. At this point in tim , the flow angle $ of the BPSG film 6 must be about 30 or less 
degrees for th planarization th reof to be don . 
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Figur 10 illustrat s an int rnal structure of the post-flow BPSG film 6 formed by the above processing. 
The BPSG film 6 is h re shown in plane for the sake of simplification but actually has a 3-D network 
structur formed by th B203-P20&-SiQ2 bond. More specifically, th atom of silicon serv s as a main 
constitu nt, wh reas th atom of oxygen s rv s as a sub-constitu nt which forms a bond at the tetrahedron 
5 position of the silicon atom. Both the main and sub-constituents bond together in a network fashion to f rm 
a matrix of silicate glass. Such a network matrix has a structure in which phosphorus and boron atoms 
replaces a silicon atom. 

The increased density of semiconductor devices involves a risk of the short-channel effects. In order to 
suppress the unwanted short-channel effects, a film of BPSG must undergoes thermal processing at 
w temperatures lower than 900 *C. If, however, the thermal processing is carried out at below 900 •C, the 
degree of planarization will get worse because the BPSG film does not flow sufficiently. This is explained by 
the fact that the flow angle $ of the BPSG film varies with the thermal processing temperature. In other 
words, the flow angle increases as the thermal processing temperature decreases. 

There are two processes known in the art in order to achieve lower-temperature thermal processing of 
75 dielectric films such as a BPSG film while still keeping the flow angle as small as about 30 degrees. 

(Method I) 

In accordance with this method, thermal processing is carried out in an atmosphere of high-pressurized 
20 hot air or in an atmosphere of water vapor, in order to reduce the flow angle $. 

(Method II) 

In this method, the dose of impurities such as phosphorus, boron and arsenic into a dielectric film is 

25 increased to reduce the flow angle 0. 

The Method I, however, requires the provision of an anti-oxidizing dielectric film formed by, for 
example, silicon nitride underneath a film of BPSG to protect a transistor. Those which require many 
fabrication steps such as DRAM are unable to take advantage of this method because it is impossible to 
form a film of silicon nitride. This method is too much limited to be practical. 

30 The Method II, on the other hand, may suffer a risk that precipitated substances are produced, although 
the degree of planarization can be improved by increasing the concentration of impurities. This means that 
less impurity dose (phosphorus, boron and the like elements) is preferable. For the case of a BPSG film, it 
is likely that the atom of boron condense to form a core, the core reacting with a phosphooxide gas given 
off from the film resulting in the crystal growth of BPO*. This results in the formation of a "bump". The 

35 denser the concentration of impurities becomes, the more foreign substances are produced. This arises a 
problem in a DRAM that its upper-layer bit line or aluminum wiring is likely to be disconnected, which 
results in poor-quality semiconductor devices. 

It has been widely held that to lower the temperature of thermal processing conflicts with the 
planarization, and that the margin of material has been reached. 

40 

Summary of the Invention 

Bearing in mind the foregoing problems, the present invention was made. In accordance with the 
invention, a matrix in a dielectric film is composed of a main constituent (it is a silicon atom in the foregoing 
45 prior art example) and a sub-constituent (an oxygen atom in the example) that forms a bond to the main 
constituent, and a non-bridging constituent replaces such a sub-constituent, whereby a thermal processing 
temperature for planarization can be lowered without involving any electrical property deterioration. 
To solve the foregoing object, the present invention provides the following respective means. 
(1) A first solving means of the invention provides a semiconductor device which comprises a 
50 semiconductor substrate and a dielectric film arranged upon the semiconductor substrate. This dielectric 
film comprises (a) a matrix formed by a main constituent composed of at least one type of chemical 
element and a sub-constituent composed of at least one type of chemical element, these constituents 
bonding together in a network fashion and (b) a non-bridging constituent composed of at least one type 
of non-bridging ch mical I m nt which r places part of th sub-constitu nt to form a bond t th main 
55 constitu nt th r by br aking part of th matrix n twork. 

In accordance with this solving m ans, part of the subconstitu nt is r placed by th non-bridging 
constitu nt wh r by th matrix n twork is partially brok n. In consequ nee, th thermal processing 
temperatur necessary for making th di I ctric layer flow drops. Possibl ill effects on semiconductor 
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d vices ar reduced, and thus their reliability is much improved. 

(2) A second solving means of the invention provides a semiconductor device dependent on the first 
solving m ans which is characterized in that the non-bridging constitu nt is halogen. 

In accordance with this solving means, part of th network is positiv ly br ken, since once a 
5 chemical element of halogen replaces one sub-constitu nt in a matrix it will not combine with another 
any more because of its valence of one. 

(3) A third solving means of the invention provides a semiconductor device dependent upon the second 
solving means which is characterized in that the non-bridging constituent is fluorine. 

In accordance with this solving means, fluorine is used, because it, when entering a dielectric film 
io matrix, tends to reduce the viscosity of the film very much during the thermal processing, and performs 
the function of lowering the temperature of flow. Further, fluorine exhibits little ill-effect on a semiconduc- 
tor device, and thus the device characteristic can remarkably be improved. 

(4) A fourth solving means of the invention provides a semiconductor device dependent upon any of the 
first to third solving means which is characterized in that the main constituent is composed of a silicon 

75 atom; the sub-constituent is composed of an oxygen atom; and the matrix of the dielectric film is 
composed of a film of silicon dioxide formed by bonds between the silicon atoms and the oxygen atoms 
in a network fashion. 

In accordance with this solving means, the matrix is formed by a film of silicon dioxide because 
silicon dioxide hardly causes distortion in devices in a semiconductor substrate when brought into 
20 contact with the surface of a device. Additionally, silicon dioxide hardly causes impurity diffusion 
throughout a device. Thus, the device characteristic is advantageously maintained in a semiconductor 
substrate. 

(5) A fifth solving means of the invention provides a semiconductor device dependent upon the fourth 
solving means which is characterized in that the silicon atoms in the network are partially replaced by 

25 any one of phosphorus atoms, boron atoms and arsenic atoms. 

In accordance with these solving means, a phosphorus atom, boron atom, or arsenic atom replaces a 
silicon atom in a matrix, whereby part of the network where an oxygen atom plays as a bridging atom is 
broken at a position where such a replacement takes place. Therefore, such a silicon dioxide film, when 
heated, is going to have a lower viscosity, and thus the temperature of flow falls very much. 

30 (6) A sixth solving means of the invention provides a semiconductor device dependent upon any one of 
the first to fifth solving means which is characterized in that the dielectric film is an interlayer dielectric 
film. 

In accordance with this solving means, the characteristic of semiconductor devices is much 
improved by lowering the flow temperature of an interlayer dielectric film, since an interlayer dielectric 
as film, which is used for isolation between electric wiring layers, particularly requires high-level surface 
planarization. 

(7) A seventh solving means of the invention discloses a method of fabricating a semiconductor device 
comprising a semiconductor substrate, and a dielectric film, having a matrix in a network fashion, 
arranged upon the semiconductor substrate. This method comprises the steps of (a) depositing, by 

40 means of a CVD process making use of a source gas containing as its principal ingredient a gaseous 
molecule including in its molecular structure (1) a main constituent composed of at least one type of 
chemical element, (2) a subconstituent composed of at least one type of chemical element, and (3) a 
non-bridging constituent composed of at least one type of non-bridging chemical element which replaces 
part of the sub-constituent to form a direct bond to the main constituent, a solidified substance produced 

45 from the source gas onto the semiconductor substrate, (b) subjecting the solidified substance to thermal 
processing, and (c) depositing on the semiconductor substrate the dielectric film with its matrix network 
partially broken due to the non-bridging constituent replacing the sub-constituent. 

In accordance with this solving means, the source gas self-contains a gaseous molecule as 
described above, and thus a non-bridging constituent can positively be incorporated into a matrix without 

so creating free atoms or molecules of a non-bridging constituent between matrixes. Accordingly, ill effects 
on a semiconductor device due to such free non-bridging constituents are well controlled while still 
achieving a lower flow temperature. 

(8) An eighth solving means of the invention discloses a method dependent upon the seventh solving 
m ans which is charact rized in that th st p of d positing th solidified substance from th source gas 

55 onto th semiconductor substrat and th st p of subjecting the thus d posited solidified to the th rmal 
processing are simultaneously carried out. 

In accordance with this solving means, processing tim can be sh rt ned, since th a solidified 
substance is being d posited whil being heated. 
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(9) A ninth solving means of the invention discloses a method dependent upon any of the s v nth to 
eighth solving means which is characterized in that the non-bridging constituent is halogen. 

In accordance with this solving means, part of th netw rk is positiv ly broken, since once an 
el m nt of halog n replaces n sub-constituent it will not form a bond to anoth r I m nt any m r 
5 becaus of its valence of one. 

(10) A tenth solving means of the invention discloses a method dependent upon the ninth solving means 
which is characterized in that the principal ingredient of the source gas is chosen from among SiH2F2, 
SiffcCfe, SihbF, and SiH 3 CI. 

In accordance with this solving means, the dielectric film is formed by a source gas having such a 
w molecular structure that some of four hydrogen atoms constituting a monosilane molecule are replaced 
by halogen. If a dielectric film is formed by such a monosilane gas, this offers good conformal step 
coverage (uniformity of film thickness) to, such as, an electrode substrate and wiring to be covered. 
Take, for example, a deep contact hole. Its bottom and sidewall will be covered with a uniform film. 

(11) An eleventh solving means of the invention discloses a method dependent upon the ninth solving 
75 means which is characterized in that the principal ingredient of the source gas is a molecule of a 

compound that is formulated by: F-SHOCzHfeh (i.e., FTES, fluorotriethoxysilane). 

(12) A twelfth solving means of the invention discloses a method dependent upon the ninth solving 
means which is characterized in that the source gas is a molecule of a compound that is formulated by: 
F 2 -Si-(OC2H5)2. 

20 In accordance with these solving means, the dielectric film is formed by a source gas that has a 

molecular structure where part of four ethoxyl groups together constituting a molecule of TEOS gas is 
replaced by fluorine atoms. A TEOS gas gives a better conformal step coverage to a substrate than a 
monosilane gas does. 

(13) A thirteenth solving means of the invention discloses a method dependent upon any of the ninth to 
25 twelfth solving means which is characterized in that the source gas is doped either with SiKU or TEOS as 

a sub-ingredient. 

In accordance with this solving means, the source gas contains either SiKU or TEOS. Accordingly, a 
silicon dioxide film (the matrix) is formed rapidly, which leads to the rapid formation of a dielectric film. 

(14) A fourteenth solving means of the invention discloses a method dependent upon any of the ninth to 
30 thirteenth solving means which is characterized in that the source gas is doped with a phosphorus 

source gas as a sub-ingredient. 

In accordance with these solving means, the dielectric film flows at a much lower temperature. This 
is because that a phosphorus source gas, boron source gas, or arsenic source gas is added to a source 
gas to replace a silicon atom (that is, a main constituent) with a phosphorus atom, boron atom, or arsenic 
35 atom in a matrix whereby part of the network is broken. 

(15) A fifteenth solving means of the invention discloses a method of fabricating a semiconductor device 
comprising a semiconductor substrate and a dielectric film arranged upon the semiconductor substrate 
wherein the dielectric film has a matrix in a network fashion formed by a main constituent composed of 
at least one type of chemical element and a sub-constituent composed of at least one type of chemical 

40 element. This method comprises the steps of (a) depositing the dielectric film on the substrate, (b) 
doping the dielectric film with ions of a non-bridging constituent bondable to the main constituent and 
composed of at least one type of non-bridging chemical element, and (c) subjecting the doped dielectric 
film to thermal processing, whereby the dielectric film is deposited, with its matrix network partially 
broken due to the replacement by the non-bridging constituent. 

45 This solving means enables selective doping so that only a desired region of a matrix in a previously 

formed dielectric film is doped with ions of a non-bridging constituent, by making use of a mask. 

(16) A sixteenth solving means of the invention discloses a method dependent upon the fifteenth solving 
means which is characterized in that the non-bridging constituent is halogen. 

In accordance with this solving means, it is assured that part of the network of the matrix is broken 
so by replacing one sub-constituent in the matrix with halogen having a valence of one. 

(17) A seventeenth means of the invention discloses a method dependent upon the sixteenth solving 
means which is characterized in that the non-bridging constituent is fluorine. 

In accordance with this solving means, fluorine is used, since it, when entering the matrix of a 
di lectric film, tends to consid rably reduce th viscosity of th film during th thermal processing, and 
55 performs the function of low ring th temperatur of flow. Further, fluorine exhibits little ill-effect on 
devices in a semiconductor substrate, and thus th device characteristic can remarkably be improved. 

(18) An ighteenth solving means of th inv ntion discloses a m thod d pendent upon any of the 
fifteenth to seventeenth solving m ans which is charact rized in that th main constitu nt is composed of 
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a silicon atom; th sub-constituent is composed f an oxygen atom; and the matrix of th dielectric film 
is composed of a film of silicon dioxid formed by bonds between the silicon atoms and the oxygen 
atoms in a n twork fashion. 

In accordance with this solving m ans, th matrix is formed by a film of silicon dioxid . Silicon 
5 dioxide hardly causes distortion in d vices in a semiconductor substrate wh n brought into contact with 
the surface of a device. Additionally, silicon dioxide hardly causes impurity diffusion throughout a device. 
Thus, the device characteristic is advantageously maintained in a semiconductor substrate. 

(19) A nineteenth solving means of the invention discloses a method dependent upon the eighteenth 
solving means which is characterized in that the step of replacing part of the main constituent of the 

10 matrix of the dielectric film with any one of phosphorus atoms, boron atoms, and arsenic atoms is further 
included. 

In accordance with these solving means, a phosphorus atom, boron atom, or arsenic atom replaces a 
silicon atom in the matrix, whereby part of the network where an oxygen atom plays as a bridging atom 
is broken at a position where such replacement takes place. Therefore, such a silicon dioxide film, when 
75 heated, is going to have a lower viscosity, and thus the temperature of flow falls very much. 

(20) A twentieth solving means of the invention discloses a method dependent ugon any of the eighth to 
nineteenth solving means which is characterized in that the dielectric film is an interiayer dielectric film. 

In accordance with this solving means, the characteristic of semiconductor devices is much 
improved by lowering the flow temperature of a dielectric film, since an interiayer dielectric film, which is 
20 used for isolation between electric wiring layers, particularly requires high-level surface planarization. 

Brief Description of the Drawings 

Other objects, features, and advantages will become apparent to those who are skilled in the art from 
25 the following description when considered in conjunction with the appended claims and drawings, in which: 
Figure 1 illustrates the organization of a semiconductor device of a first embodiment of the present 
invention; 

Figure 2 outlines the organization of a CVD system used to deposit a film of FBPSG of the first 
embodiment; 

30 Figure 3 shows the molecular structure of an FTES source gas of the first embodiment; 
Figure 4 shows, in plane, the structure of an FBPSG film of the first embodiment; 
Figure 5 shows the flow temperature characteristic of a film of FBPSG of the first embodiment; 
Figure 6 illustrates the fabrication process of a semiconductor device of a second embodiment of the 
invention; 

05 Figure 7 shows the structure of a matrix, with an oxygen atom of a BPSG film replaced by a tantalum 
atom; 

Figure 8 illustrates, in cross section, the organization of a conventional semiconductor device; and 
Figure 9 outlines the organization of a CVD system used to deposit a conventional FBPSG film. 
Figure 10 shows, in plane, the structure of a conventional BPSG film. 

40 

Preferred Embodiments of the Invention 
FIRST EMBODIMENT 

45 A first embodiment of the present invention is now described by making reference to Figure 1 that 
illustrates, in cross section, a semiconductor device of this embodiment. A semiconductor substrate is 
indicated by reference numeral 1. A switching transistor is indicated by reference numeral 2, which is 
located nearby the surface of the semiconductor substrate 1. A film of silicon dioxide is indicated by 
reference numeral 3. A film of FBPSG is indicated by reference numeral 7, which is an interiayer dielectric 

so film formed on the silicon dioxide film 3. An upper-layer aluminum wirings is indicated by reference numeral 
8. The FBPSG film 7 is used for electric isolation between the switching transistor 2 and the upper-layer 
aluminum wiring 8. 

A CVD process for forming the FBPSG film 7 is now explained. 

Figur 2 shows how th FBPSG film 7 of this mbodim nt is d posited. Th semiconductor substrat 1, 
55 in which a switching transistor is formed, is placed insid a reaction chamber 10 th t mperatur of which is 
kept at about 370 *C . TTien, source gases of TEB and TMOP, along with FTES in place of TEOS which is 
used in a conv ntional CVD process, ar introduced into th reaction chamber 10. A dilution-and-bubbl gas 
of N2 is also introduced into the reaction chamber 10. 
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Rgur 3 formulates an FTES gas to show its molecular structur . A silicon atom has four bond positions 
at its tetrahedron, and to three of which OC2H5 forms a bond while to the remaining a fluorine atom forms a 
direct bond. In oth r words, FTES has such a molecular structur wh r on of th oxyg n atoms which 
bonds to a silicon atom, a main constituent of a matrix of a dielectric film, is replaced by a fluorin atom. 
5 Th FBPSG film 7 grows on the semiconductor substrate 1. The gas flow rat s of TMOP to FTES, TEB 
to FTES, and O3 to FTES are 4.5 %, 12 %, a nd 5 %, respectively. 

The deposited FBPSG film 7 is heated at 850 *C for 30 minutes to make it flow for its surface 
planarization to be done. 

The chemical reactions for FTES gas and water vapor are: 

10 

Fsi(OC2H5)3 + 3H2O- Fsi(OH)3 + 3C2H5OH, 
n{Fsi(OH)3}-*{FSi03ffi}n + (3/2) n H20. 

As a result of the above reactions, the FBPSG film 7 having a structure as shown in Figure 4 is 
75 obtained. More specifically, a matrix is formed by a silicon dioxide film, and a silicon atom (i.e., the main 
constituent) and an oxygen atom (i.e., the sub-constituent) which bonds to the silicon atom at the 
tetrahedron position thereof together form a network structure. Part of the oxygen atoms in the matrix is 
replaced by fluorine atoms which are a non-bridging constituent, and thus such fluorine atoms form direct 
bonds to the silicon atoms. Fluorine has a valence of one so that its atom does not bond to another different 
20 atom but to a corresponding oxygen atom. In consequence, the network structure is partially broken by the 
fluorine atom. 

It is noted that, in this embodiment, part of the silicon atoms which are a main constituent of a matrix is 
substituted by phosphorus and boron atoms, which means that the matrix itself has a BPSPG film structure. 
The phosphorus atom functions as an atom with a valence of five on a negative ion so that it double-bonds 

25 to the oxygen atom hence part of the matrix network structure is broken by such a phosphorus atom. 
Although boron has a valence of three so that its atom bonds to three oxygen atoms, part of the matrix 
network structure is broken by such a boron atom since the matrix is composed of a silicon atom serving as 
a main constituent having a valence of four. 

Figure 5 shows how the flow angle varies with the impurity concentration (surface height difference: 500 

30 nm) in this embodiment. 

For the case of a conventional BPSG film, a flow-shape with a flow angle of 30 degrees is accomplished 
by carrying out thermal processing at 900 • C for 30 minutes, whereas this embodiment can achieve the 
same result through thermal processing carried out at a lower temperature of 850 * C for 30 minutes. 

As shown in Figure 4, a fluorine atom which is a non-bridging constituent replaces an oxygen atom to 

35 form a direct bond to a silicon atom which is a main constituent. This prevents one silicon atom from 
establishing a cross-fink, via an oxygen atom, with another silicon atom. The disconnection of the network 
structure due to a fluorine atom results in the decrease in the number of network bonds. The viscosity of 
the FBPSG film 7 of a dielectric film falls. This allows the FBPSG film 7 to flow at a lower thermal 
processing temperature. To sum up, the dielectric film planarization can be accomplished while controlling 

40 possible ill effects on the switching transistor 2 due to high-temperature thermal processing, such as the 
short channel effects. 

In the case that halogen including fluorine, chlorine, bromine, and iodine having a valence of one is 
used as a non-bridging constituent, once a direct bond of a halogen atom to a silicon atom is complete it 
will form no further bonds to another atom. Thus, the number of network structure bonds is reduced. 

45 Fluorine has several advantages, some of which are that it works to positively get the viscosity of a silicon 
dioxide film lowered, and that it has little ill effect on semiconductor devices. By making use of a fluorine 
atom as a non-bridging constituent, many advantages can be obtained. 

In the case of a matrix of a dielectric film formed by a silicon dioxide film, it is possible to obtain a 
much lower flow temperature by introducing a non-bridging constituent such as a fluorine atom into any of a 

50 PSG film (phosphorus-doped silicon dioxide), BSG film (boron-doped silicon dioxide), AsSG film (arsenic- 
doped silicon dioxide), and BPSG film (boron-and-phosphorus-doped silicon dioxide). For the case of a 
BPSG film, a silicon atom serving as a matrix main constituent is replaced by, for example, phosphorus 
thereby breaking part of the matrix network structure. As a result, a lower flow temperature can be obtained 
as compared to a case that th matrix is composed of a silicon dioxid film alon . It, how ver, is noted that 

55 th r is an upper limitation to th dose of phosphorus and boron so as to avoid a risk that precipitated 
substances, which hav ill effects on the charact ristic of semiconductor d vices, are produced. For th 
case of a conv ntional BPSG film, if n arly th sam flow-shape as obtained by thermal processing at a 
temperatur of 900 *C is required to be achi ved by thermal processing at a lower t mperatur of 850 *C, 
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the concentration of B2O3 must be in xcess f 12 mol%. If, how v r, th concentration of Bz(h goes 
beyond that, a few thousands of foreign substances with a diameter greater than 0.5 urn will deposit. Such 
is not suitabl for th fabrication of s mi-conductor devices. 

In accordanc with this mbodim nt t fluorine is introduced into a BPSG film. Because of this, th rmal 

5 processing at a temperature of 850 *C achieves n arly the same flow-shape that thermal processing at 900 
•C does, even if the concentration of B2O3 is 9 mol%. Further, the increase of the dose of fluorine will 
produce no unwanted precipitated substances, whereby the flow temperature of a BPSG film can be 
lowered from about 900 °C (conventional lower-limit) down to somewhere around 850 °C. 

In this embodiment, an FTES gas is used, the molecule of which contains both the main and sub- 

70 constituents of the matrix of the dielectric film, but with part of the latter replaced by the non-bridging 
constituent. The Si-F bond therefore becomes incorporated into the dielectric film. Free atoms and 
molecules of the non-bridging constituent which have not been incorporated into the matrix are nearly 
nonexistent in the dielectric film, accordingly. Semiconductor devices of this embodiment are free from ill 
effects due to such free atoms and molecules. 

75 The source gas is not limited only to the foregoing FTES gas, of the TEOS family, formed by 
substituting one of the four ethoxyl groups constituting TEOS with a fluorine atom. A gas with a structure of 
F 2 -Si-(OC2H5)(that is, a gas formed by replacing two of the four ethoxyl groups of TEOS with a fluorine 
atom) may be employed. Other feasible source gases are monosilane gases such as SiH2F 2 , SiKkCfe, 
SiH 3 F, SiH 3 CI, and the like formed by substituting a hydrogen atom with a halogen atom. Monosilane and 

20 TEOS gases offer a good step coverage at a sharp drop. It has been confirmed that a TEOS gas 
particularly gives a better conformal step coverage. 

SECOND EMBODIMENT 

25 A second embodiment of the invention is explained by reference to Figure 6 comprised of Figures 6(a),- 
(b). and (c). 

As shown in Figure 6(a), a film of BPSG 6 of an inter-layer dielectric film for a switching transistor 2 to 
be formed on a silicon substrate 1 is formed by means of a CVD process. This BPSG film 6 is formed 
through a conventional process (see Figure 9). 

30 Then, as shown in Figure 6 (b), the fluorine ion, indicated by reference numeral 8, is doped into the 
BPSG film 6 by means of an ion implantation process. A desired region can be doped with the fluorine ion 
8 using a photoresist 9 having a corresponding opening to the desired region, although the entire doping is 
possible. In this case, a known photolithography technique or ion implantation technique may be used. 

Following the above step, the implanted fluorine ion 8 is diffused within a matrix of the BPSG film 6 by 

35 means of low-temperature thermal processing so that part of the oxygen atoms of the dielectric film matrix 
is replaced by the fluorine atoms (Figure 6 (c)). The BPSG film 6 now changes to a film of FBPSG 7 having 
a structure shown in Figure 4 and flows at a lower temperature. 

Like the first embodiment, part of the oxygen atoms is replaced with fluorine atoms so that the matrix 
network bond is locally broken and the flow temperature of the dielectric film falls. Further, ft is possible, 

40 with using a mask, to selectively dope the BPSG film 6 with fluorine ions to form the FBPSG film 7 at 
different, desired regions. 

The non-bridging constituent is not limited only to halogen such as fluorine. Other feasible non-bridging 
constituents are Ta, Hf , and V. Even in the case that the atom of Ta, Hf, or V forms a bond to the atom of Si 
in a matrix, it double-bonds to the silicon atom to reduce the number of bonding positions of the Si atom by 

45 one, thereby breaking part of the matrix network structure. Figure 7 shows a structure example where an 
atom of Ta replaces an atom of oxygen, from which it is seen that part of the matrix network structure is 
broken at a position where the number of Si atom bonds is reduced. Approximately the same effect can be 
obtained in the case of using V or Hf. 

Further, the dielectric film matrix is not limited only to a silicon dioxide film (Si02>. The feasible are a 

50 film of germanium dioxide (Ge02>, a film of silicon nitride (SiaNO in which an atom of silicon serves as a 
main constituent while an atom of nitrogen serves as a sub-constituent, R2O B20a in which boron or sodium 
having a valence of one is a main constituent while oxygen is a sub-constituent, and lead glass. By 
substituting these sub-constituents with non-bridging constituents such as a halogen atom, the same effect 
can be xpected. 

55 Th application of a di lectric film according to this invention is not limited only to an int riayer 
dielectric film. H may find use in uppermost di lectric films used for final coverage ov r the entir substrate. 
If it is applied to a di lectric film specially requiring planarization, th t mperatur of flow falls and th 
degree of planarization can be improved. 
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It is und rstood that various ther modifications to th above-d scribed method and devic will becom 
evident to those skilled in the art. For that reason the arrangement described herein is for illustrative 
purposes nly and is not to be consid red r strictive. 

5 Claims 

1. A semiconductor device comprising: 

a semiconductor substrate; and 

a dielectric film arranged upon the semiconductor substrate; 
10 the dielectric film comprising: 

a matrix formed by a main constituent composed of at least one type of chemical element and a 
sub-constituent composed of at least one type of chemical element, these constituents bonding 
together in a network fashion; and 

a non-bridging constituent composed of at least one type of non-bridging chemical element which 
75 replaces part of the sub-constituent to form a bond to the main constituent thereby breaking part of the 
matrix network. 

2. A semiconductor device as in claim 1, wherein the non-bridging constituent is halogen. 
20 a A semiconductor device as in claim 2, wherein the non-bridging constituent is fluorine. 

4. A semiconductor device as in any of claims 1-3, 

wherein: 

the main constituent is composed of a silicon atom; 
25 the sub-constituent is composed of an oxygen atom; and 

the matrix of the dielectric film is composed of a film of silicon dioxide formed by bonds between 
the silicon atoms and the oxygen atoms in a network fashion. 

5. A semiconductor device as in claim 4, wherein part of the silicon atoms in the network is replaced by 
30 phosphorus atoms. 

6. A semiconductor device as in claim 4, wherein part of the silicon atoms in the network is replaced by 
boron atoms. 

35 7. A semiconductor device as in claim 4, wherein part of the silicon atoms in the network is replaced by 
arsenic atoms. 

&. A semiconductor device as in any of claims 1-7, wherein the dielectric film is an interlayer dielectric 
film. 

40 

9. A method of fabricating a semiconductor device comprising a semiconductor substrate and a dielectric 
film, having a matrix in a network fashion, arranged upon the semiconductor substrate, the method 
comprising the steps of: 

depositing, by means of a CVD process making use of a source gas containing as its principal 
45 ingredient a gaseous molecule including in its molecular structure a main constituent composed of at 
least one type of chemical element a sub-constituent composed of at least one type of chemical 
element, and a non-bridging constituent composed of at least one type of non-bridging chemical 
element which replaces part of the sub-constituent to form a direct bond to the main constituent, a 
solidified substance of the source gas onto the semiconductor substrate; 
so subjecting the solidified substance to thermal processing; and 

depositing on the semiconductor substrate the dielectric film with its matrix network partially broken 
due to the non-bridging constituent replacing the sub-constituent. 

10. A m thod of fabricating a semiconductor d vice as in claim 9, wh r in the st p of depositing th 
55 solidified substance of th source gas onto th semiconductor substrat and th step of subjecting the 

thus deposited solidified substance to thermal processing are simultaneously carried out. 
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11. A method of fabricating a semiconductor d vice as in claim 9, wh r in the non-bridging constitu nt is 
halog n. 

12. A method of fabricating a s miconductor devic as in claim 11, wh r in the principal ingredient of th 
5 source gas is chosen from among SiH2F 2i SihbCfe, SiHaF, and SiH 3 CI. 

13. A method of fabricating a semiconductor device as in claim 11, wherein the principal ingredient of the 
source gas is a molecule of a compound that is formulated by: 

70 F-Si-(OC2H5)3. 

14. A method of fabricating a semiconductor device as in claim 11, wherein the source gas is a molecule of 
a compound that is formulated by: 

75 F 2 -Si-(OC2Hs)2. 

15. A method of fabricating a semiconductor device as in claim 9, the source gas is doped either with SiKU 
or with TEOS (SifOC^HsM as a sub-ingredient thereof. 

20 16. A method of fabricating a semiconductor device as in claim 9, the source gas is doped with a 
phosphorus source gas as a sub-ingredient thereof. 

17. A method of fabricating a semiconductor device as in claim 9, the source gas is doped with a boron 
source gas as a sub-ingredient thereof. 

25 

18b A method of fabricating a semiconductor device as in claim 9, the source gas is doped with an arsenic 
source gas as a sub-ingredient thereof. 

19. A method of fabricating a semiconductor device comprising a semiconductor substrate and a dielectric 
30 film arranged upon the semiconductor substrate wherein the dielectric film has a matrix in a network 
fashion formed by a main constituent composed of at least one type of chemical element and a sub- 
constituent composed of at least one type of chemical element, the method comprising the steps of: 
depositing the dielectric film on the substrate; 

doping the dielectric film with ions of a non-bridging constituent bondable to the main constituent 
35 and composed of at least one type of non-bridging chemical element; and 
subjecting the doped dielectric film to thermal processing, 

whereby the dielectric film is deposited, with its matrix network partially broken due to the 
replacement by the non-bridging constituent. 

40 20. A method of fabricating a semiconductor device as in claim 19, wherein the non-bridging constituent is 
halogen. 

21. A method of fabricating a semiconductor device as in claim 20, wherein the non-bridging constituent is 
fluorine. 

45 

22. A method of fabricating a semiconductor device as in any of claims 19-21, 

wherein: 

the main constituent is composed of a silicon atom; 
the sub-constituent is composed of an oxygen atom; and 
so the matrix of the dielectric film is composed of a film of silicon dioxide formed by bonds between 

the silicon atoms and the oxygen atoms in a network fashion. 

2a A method of fabricating a semiconductor device as in claim 22, further including the step of replacing 
part f th main constitu nt of th matrix of th dielectric film with phosphorus atoms. 



55 



24. A method of fabricating a semiconductor d vice as in either claim 22 or claim 23, furth r including th 
st p of replacing part of th main constitu nt of th matrix of the di lectric film with boron atoms. 
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25- A m thod of fabricating a semiconductor device as in any on of claims 22-24, further including the 
step of replacing part of the main constituent of the matrix of the dielectric film with arsenic atoms. 

26. A method of fabricating a semiconductor d vie as in any one of claims 10-25, wher in th di lectric 
5 film is an interlayer di lectric film. 
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FIG.1 
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